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S1 -Summary of literature references on S. cerevisiae and P. pastoris core promoters.
In this section we will succinctly describe the main studies developed to clarify the mechanisms of yeast promoters, focusing on S. cerevisiae and P. pastoris. The references of S1 and S2 follow the numbering of the main text.
S. cerevisiae
Sugihara et al. identified CRMs in TATA-less and TFIID-dependent core promoters, namely RPS5 32 .
Park et al. developed a method for improved transcription start site (TSS) mapping, inferring relationships between core promoter cis-regulatory elements, chromatin features and TSS location 33 .
A study on the effect of 5'UTR features in gene expression was presented by Dvir et al. 34 . It has been shown that yeast core promoters show a high level of conservation, maintaining their functionality even in distantly related species 27 . As illustrative example, the S. cerevisiae LEU2 core promoter has been shown to remain functional when inserted in P. pastoris 8 . Different approaches have been followed to design synthetic promoters for protein expression finetuning. Some are focused on CRMs 37,38 , while others target both CRMs and core promoters 7, 9, 18, 19, [39] [40] [41] [42] . For CRMs design, the interaction between transcription factors (TFs) and respective binding sites (TFBSs) have been used to model transcription, either by creating a large library of promoters based on combinatorial arrangement of different TFBS upstream of the natural core promoter 38 or by generating orthogonal synthetic zinc fingers used to wire new synthetic transcriptional cascades 37 .
Also, the inclusion of regulatory sequences next to the core promoter can be used to fine-tune transcription. Other design approaches consisted in adding random mutations to a natural promoter (TEF) 7, 9 , randomizing two specific areas of the PFY1 promoter and changing its expression profile afterwards by adding Tn10 Tet operator sites 41 or generating a minimal promoter based on a large scale screening of random sequences for minimal length, robustness and modulatory 19 has been used for the same purpose.
P. pastoris
Promoter libraries have been generated mostly based on deletions of CRMs sections to research the PAOX1 regulatory mechanisms and to determine TFBSs (e. g. 24, 26 ). Promoter libraries have also been created to control gene expression by modifying the core promoter 16, 25, 43 and 5'UTR 44 sequeces.
Berg et al. studied random mutagenesis of PAOX1 16 , located in both core promoter and CRM regions.
They observed expression profile modifications (derepression) when mutating some specific nucleotides in the PAOX1 CRM, and modifications in the expression rate when mutating the core promoter sequence. Following a different approach, P. pastoris synthetic core promoters have also been designed based on four natural P. pastoris core promoters consensus sequence through the addition of some natural TFBSs 25 .
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S2 -Detailed computational design of synthetic core promoters
Given that the core promoter design method was based on features from a genome wide list of S. cerevisiae natural core promoter sequences 28 it can be divided into three parts: a) Computation of features from the S. cerevisiae data set to be used for the synthetic core promoter design; b) Generation of core promoters sequences based on calculated data; c) Design space reduction -selection of core promoter sequences to be tested in vivo.
As mentioned in the main text, several features were simultaneously incorporated in the design given that they were found to be correlated with maximal promoter activity 28 . The features included in the design process were: i) nucleotide occurrence along the sequence of 140 strong natural S. cerevisiae core promoters (as reported by 28 ), ii) the presence and position of the TATA box, iii) the position and number other motifs (other than TATA box, as defined by 28 ) and iv) nucleosome occupancy profiles 28, 45 .
As described below, all the referred information was calculated in the first design part (a). However, the nucleotide occurrence, TATA box position and motif position and frequency was included in the core promoter design (b), while the nucleosome occupancy profile was included indirectly in the design process as a selection step (c).
It should be highlighted that only some of the motifs described by Lubliner et al. were added in this design process. The selection criteria were: strong reported correlation with maximal promoter activity and motif position within the desired core promoter region (from start codon to 150 bp upstream of it given that our core promoters' target length was 150 bp). The list of selected motifs and respective location is provided in Supplementary Tables 7-10.
a) Computation of features from the S. cerevisiae data set to be used for the core promoter design
Firstly, from the whole 729 native S. cerevisiae promoters' data set we focused on the 140 strong core promoters and respective 5'UTR. The sequences were trimmed to have a final length of 150 bp (corresponding to 50 bp downstream and 100 bp upstream the transcriptional start site (TSS)). From this subset we computed the:
1. Nucleotide probability distribution along the core promoter sequence -The frequency of each nucleotide was computed separately for consecutive promoter regions, in a sliding windows manner (windows size of 20 bp and windows step of 10 bp). The probability was calculated for each nucleotide and promoter region (frequency of each nucleotide for each promoter region was divided by the windows size). This resulted in a matrix of n x w, with n the number of nucleotides (4) and w the number of windows (14) . The sum of these probabilities, column wise, was 1; 2. TATA box position distribution along the sequence -Considering the TATA box consensus sequence (TATAWAWR), all the occurrences location of this motif were annotated. A
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Gaussian distribution model was inferred from this set of TATA box locations using the respective average (µ T ) and standard deviation (σ T ); 3. Position and frequency distribution of motifs along the sequence -For each of the selected motifs listed on Supplementary Tables 7-10 a similar approach, as compared to the previous step, was used: annotation of number and positions of motif occurrences (respectively, f Mi and p Mi , with i=1, 2, .., 7) . For each set of frequency and positions a Gaussian distribution model was inferred (described by the respective average (µ fMi and µ pMi ) and standard deviation (σ fMi and σ pMi )); 4. Average nucleosome occupancy along the promoter sequence -The last step predesign computation was the natural nucleosome occupancy average profile. For this step a software package by 45 was used. With it, for each 140 natural core promoters a nucleosome profile were calculated. To avoid sequence edge related error, a 1000bp sequence (derived from the original cloning plasmid) was added to each side of the promoter sequences. The average nucleosome profile (µ Nj ) was calculated using the obtained 140 occupancy profiles (each profile consisted of 150 occupancy scores related with each nucleotide, j=1, 2, …, 150).
b) Generation of core promoters sequences based on calculated data
As mentioned in the main text, 4 different groups (named P, T, M, A) were designed useing the previously calculated information. They differ in the presence or absence of a TATA box and/or selected motifs (group P: without TATA box nor motifs; group T: with TATA box and without motifs; group M: with motifs and without TATA box; group A: with TATA box and motifs).
The sequence generation was computed as follows:
1. Random sequence generation -400 sequences, of 150 bp each, were generated with the MATLAB function randseq. This function had as input the vector of nucleotide probability w l (l=1, 2, …, 14) and the sequence length (equal to the window size -20). Thus, the randseq function was used 14 times to generate each sequence; 2. Removal of randomly occurring motifs (TATA box and selected motifs) -TATA boxes and any of the selected motifs were searched and replaced by a newly generated sequence. This procedure was repeated until no motif or TATA-box were found in the generated sequences; 3. Removal of randomly occurring start codons -Following the previous step approach Start codons upstream of the protein codon region were also removed to avoid frame shift mutations or different N-termini of the reporter protein; 4. Add Kozak sequence upstream of start codon -Due to the known relevance of the nucleotides adjacent to the start codon 34 , this region was replaced by the PAOX1 Kozak sequence (CGAAACG) in the generated sequences; 5. Separation of sequences in 4 groups -The 400 sequences were divided in 4 groups of 100 sequences each. The group P had no further modifications as it is characterized by not having TATA box or any other motifs; 6. Addition of a TATA box to groups T and A -For each sequence belonging to these groups, a TATA box position was generated (randn MATLAB function). The TATA box Gaussian 5/40 distribution was taken into account by multiplying the generated number with σ T and summing µ T .
One TATA box was inserted per core promoter sequence. The sequence originally located in this region was replaced by the TATA box. The sequences in group T had no further modifications as this group is characterized by having a TATA box and not having any other motifs; 7. Addition of motifs to groups M and A -In a similar way as in the previous step, the number of motifs and respective position was generated with the randn MATLAB function together with the respective average (µ fMi and µ pMi ) and standard deviation (σ fMi and σ pMi ). Thus, the frequency of each motif in each sequence also followed a Gaussian distribution model inferred from the natural sequences, meaning that some motifs might be present more than once while others might be absent in a given sequence.
c) Design space reduction -selection of core promoter sequences to be tested in vivo
From the 100 sequences in each group, 28 were selected for experimental screening. For each of the 100 designed sequences a nucleosome occupancy profile was calculated (as described in a-4). Using the calculated profiles, the objective function that was used to select the 28 sequences was:
Where µ Nj is the average nucleosome occupancy profile for natural core promoter sequences, µ sj is the nucleosome occupancy profile for each s (s=1, 2, …, 100) synthetic core promoter sequence along its j nucleotide position (j). The 28 sequences with a lower sum of squared errors were selected. With it we aimed to select for screening the designed sequences that were more similar to the natural promoters concerning the predicted nucleosome average occupancy.
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Supplementary Table 1 -List of primers used to clone the positive and negative controls Name Sequence
R2
GTTCTTCTCCTTTGCTAGCCATCGTTTCGAACACGTATGGGCCAAGTGTTTGAAATTCAACCTAGTTTTGAGGGTTACGATACGGACCTC CCCTACGCTGCAGTCCTATCAGCGAGGCGCAGCAAGCGTTAGGCGTGCGGCTTCCAGACTCAAGGAGACCTTGGCGATATGAAGTAG GGGTTAGAACAGTTAAATTTTG
R3
GTTCTTCTCCTTTGCTAGCCATCGTTTCGACGCTTTCGAAGAGGATGGCTACTCCCGGCTAGTAAGTTGGCTTGTTTGCTTGACGGATG ACTTAGGGTTTTTAATGAAGGCCGTTGTGTCTACGGACACGACACGGGTGTTCTACTCGCGCCTCTTGGGAGCACTTTAATAAAGTAGG GGTTAGAACAGTTAAATTTTG
R4
GTTCTTCTCCTTTGCTAGCCATCGTTTCGACGTTAGAGATTGGCTTCCTAAGATCGAGTAGTGATTCCGTATATAGGCTCGCTTACCCAG ATCCCCTAGACTGTTCGCTTTGCTATGAGTCTCAACTAACCCTAAATGTCCGTGCCCCGTTTCTATCGTATATTAGGGGACAAGTAGGGG TTAGAACAGTTAAATTTTG
R5
GTTCTTCTCCTTTGCTAGCCATCGTTTCGAAATGTAGCTTTGTCCGTAGAATACCCGGTATAAGACAAGAGCAGTCTAGTAGGAGAGCTC CTTTGACCTGCCGGTTTCTGGGAAGGGCCCAGGAAACGGGTTACGGTTCTTACGACACGAATGCGTGTTTCGTGACTGTTTAAGTAGG GGTTAGAACAGTTAAATTTTG
R6
GTTCTTCTCCTTTGCTAGCCATCGTTTCGATCAACCGGCAATTCAGAAATGCGGGATTTAGTACACCTATTTCTTTACCAACTCCCGCCG CGTTTTAGCTTAATGATGAGCGGTGGGCGTGTTTTGAAAAAAGATGTTAGAGATATATTCTAGTCAGAGGGTTCGACTAGAAAGTAGGG GTTAGAACAGTTAAATTTTG
R7
GTTCTTCTCCTTTGCTAGCCATCGTTTCGTGCTTACCGGTGGATTACGTACGGGGTTGGATGAGAAGTGGGATGGCCCAACACCAATTG ATTGTCAACTCCGACCTGAAGGCTTCACAAGAGTGGAGGGTACAGCTAGTACTGAGTGTGTTAATTGGAGTACGGTCGGCTTAAGTAGG GGTTAGAACAGTTAAATTTTG
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Supplementary 
GAP-CRM-forw GCTGGCCTTTTGCTCACATGTATTTAAATTTTTTGTAGAAATGTCTTGGTGTCCTCG
CAT-CRM-rev TCCAACAAAGAGGCAACAGAGGTCGGCGCGCCACTGGGTGCTACTGATGAGCAACAGAGGCTATCAC DAS-CRM-rev TCCAACAAAGAGGCAACAGAGGTCGGCGCGCCACTGGGTGCTATGCTTTAGTTCTTTTTTGAACCCAAAGGCTATCTGATGAAAAG
GAP-CRM-rev TCCAACAAAGAGGCAACAGAGGTCGGCGCGCCACTGGGTGCTAGTGGTTTCCAATAATCTCATGACATGCG
seqTomato19-41rev CGCATGAACTCCTTGATAACTTC ADH-CRM-rev
TCCAACAAAGAGGCAACAGAGGTCGGCGCGCCACTGGGTGCTAAGACAGCAAACTTTTTTTTATTTCAAATTCAAGTAAC GAL-CRM-rev TCCAACAAAGAGGCAACAGAGGTCGGCGCGCCACTGGGTGCTAGATCAAAAATCATCGCTTCGCTGA
GPD-CRM-rev TCCAACAAAGAGGCAACAGAGGTCGGCGCGCCACTGGGTGCTAAAGTAGGGGAATAATTTCAGGGAACTG
A28-GFP-rev
AAAAGTTCTTCTCCTTTGCTAGCCATCGTTTCGACCCTTCCGATTATTAATGTTACGGTA T28-GFP-rev GAAAAGTTCTTCTCCTTTGCTAGCCATCGTTTCGAATAAAATAAGGTTTCTTTTAACTAGTTATAACAGTTTTACTAG A27-GFP-rev GAAAAGTTCTTCTCCTTTGCTAGCCATCGTTTCGAATAGGAGTGAAGGTATAATTCTGACTCTGAG T27-GFP-rev GAAAAGTTCTTCTCCTTTGCTAGCCATCGTTTCGAACAGAAAAAGAATGTGATGTTAAAAGCTTTTTACG T26-GFP-rev AAAGTTCTTCTCCTTTGCTAGCCATCGTTTCGTACCTTGGTATACTACTCTAGAATGTAA T25-GFP-rev GAAAAGTTCTTCTCCTTTGCTAGCCATCGTTTCGGTGATTAAATATACCTATTCTCGTGGAACGAAC M28-GFP-rev GAAAAGTTCTTCTCCTTTGCTAGCCATCGTTTCGTATAAATAATGTAATAACTTTAAGATATGGATTGCACTTG T24-GFP-rev GAAAAGTTCTTCTCCTTTGCTAGCCATCGTTTCGTACTGAGCTATAGCGTGGTTTAGC T23-GFP-rev GAAAAGTTCTTCTCCTTTGCTAGCCATCGTTTCGAGCTTCTACTATTTCAACTAGAGTTCTAAATCTTAAAAG
T22-GFP-rev GAAAAGTTCTTCTCCTTTGCTAGCCATCGTTTCGAATAAGAGTTTTATGTACTTAACGTACTACCTGG
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Supplementary A28-CAT-for GTGATAGCCTCTGTTGCTCATCAGCGATAGGGCAGAAATATATAAAGTAGGAGG T28-CAT-for GTGATAGCCTCTGTTGCTCATCAGAGCTCGTTTTCACGATAGATAAGGCTC A27-CAT-for GTGATAGCCTCTGTTGCTCATCAGCAGTATATAAACTAAAAAAATCTGGGACACTAATAC T27-CAT-for GTGATAGCCTCTGTTGCTCATCAGTTTACTAGTATATAAACCGTCACAGACGTAGG T26-CAT-for GTGATAGCCTCTGTTGCTCATCAGCCTCCTCTAGGTTTATCTATAAAAGCTGAAG T25-CAT-for GTGATAGCCTCTGTTGCTCATCAGATATAGACTATAAAAGGTGGTCCTGCAAG M28-CAT-for GTGATAGCCTCTGTTGCTCATCAGGTAATCTTTCGGTCAATTGTGATCTCTC T24-CAT-for GTGATAGCCTCTGTTGCTCATCAGAATTTCGAACTTACTTAGGGCAGTC T23-CAT-for GTGATAGCCTCTGTTGCTCATCAGCGTTTAACCCACATTGATTGTATCATTAAAAG
T22-CAT-for GTGATAGCCTCTGTTGCTCATCAGTCGTGACGGTATTAATTTTAGGTAG
A28-DAS-for GCCTTTGGGTTCAAAAAAGAACTAAAGCACGATAGGGCAGAAATATATAAAGTAGGAGG T28-DAS-for
GCCTTTGGGTTCAAAAAAGAACTAAAGCAAGCTCGTTTTCACGATAGATAAGGCTC A27-DAS-for GCCTTTGGGTTCAAAAAAGAACTAAAGCACAGTATATAAACTAAAAAAATCTGGGACACTAATAC T27-DAS-for CCTTTGGGTTCAAAAAAGAACTAAAGCATTTACTAGTATATAAACCGTCACAGACGTAGG T26-DAS-for GCCTTTGGGTTCAAAAAAGAACTAAAGCACCTCCTCTAGGTTTATCTATAAAAGCTGAAG T25-DAS-for GCCTTTGGGTTCAAAAAAGAACTAAAGCAATATAGACTATAAAAGGTGGTCCTGCAAG M28-DAS-for GCCTTTGGGTTCAAAAAAGAACTAAAGCAGTAATCTTTCGGTCAATTGTGATCTCTC T24-DAS-for GCCTTTGGGTTCAAAAAAGAACTAAAGCAAATTTCGAACTTACTTAGGGCAGTC T23-DAS-for CCTTTGGGTTCAAAAAAGAACTAAAGCACGTTTAACCCACATTGATTGTATCATTAAAAG
T22-DAS-for GCCTTTGGGTTCAAAAAAGAACTAAAGCATCGTGACGGTATTAATTTTAGGTAG
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Supplementary Table 6 (cont.) -List of primers used test the ten synthetic core promoters with different CRMs in P. pastoris and S. cerevisiae Name Sequence A28-GAP-for CGCATGTCATGAGATTATTGGAAACCACCGATAGGGCAGAAATATATAAAGTAGGAGG T28-GAP-for CGCATGTCATGAGATTATTGGAAACCACAGCTCGTTTTCACGATAGATAAGGCTC A27-GAP-for CATGTCATGAGATTATTGGAAACCACCAGTATATAAACTAAAAAAATCTGGGACACTAATAC T27-GAP-for CGCATGTCATGAGATTATTGGAAACCACTTTACTAGTATATAAACCGTCACAGACGTAGG T26-GAP-for CGCATGTCATGAGATTATTGGAAACCACCCTCCTCTAGGTTTATCTATAAAAGCTGAAG T25-GAP-for CGCATGTCATGAGATTATTGGAAACCACATATAGACTATAAAAGGTGGTCCTGCAAG M28-GAP-for CGCATGTCATGAGATTATTGGAAACCACGTAATCTTTCGGTCAATTGTGATCTCTC T24-GAP-for CGCATGTCATGAGATTATTGGAAACCACAATTTCGAACTTACTTAGGGCAGTC T23-GAP-for CGCATGTCATGAGATTATTGGAAACCACCGTTTAACCCACATTGATTGTATCATTAAAAG
T22-GAP-for CGCATGTCATGAGATTATTGGAAACCACTCGTGACGGTATTAATTTTAGGTAG
A28-ADH-for GTTACTTGAATTTGAAATAAAAAAAAGTTTGCTGTCTCGATAGGGCAGAAATATATAAAGTAGGAGG T28-ADH-for
TACTTGAATTTGAAATAAAAAAAAGTTTGCTGTCTAGCTCGTTTTCACGATAGATAAGGC A27-ADH-for GTTACTTGAATTTGAAATAAAAAAAAGTTTGCTGTCTCAGTATATAAACTAAAAAAATCTGGGACACTAATAC T27-ADH-for GTTACTTGAATTTGAAATAAAAAAAAGTTTGCTGTCTTTTACTAGTATATAAACCGTCACAGACGTAGG T26-ADH-for GTTACTTGAATTTGAAATAAAAAAAAGTTTGCTGTCTCCTCCTCTAGGTTTATCTATAAAAGCTGAAG T25-ADH-for GTTACTTGAATTTGAAATAAAAAAAAGTTTGCTGTCTATATAGACTATAAAAGGTGGTCCTGCAAG M28-ADH-for ACTTGAATTTGAAATAAAAAAAAGTTTGCTGTCTGTAATCTTTCGGTCAATTGTGATCTC T24-ADH-for GTTACTTGAATTTGAAATAAAAAAAAGTTTGCTGTCTAATTTCGAACTTACTTAGGGCAG T23-ADH-for GTTACTTGAATTTGAAATAAAAAAAAGTTTGCTGTCTCGTTTAACCCACATTGATTGTATCATTAAAAG
T22-ADH-for TTACTTGAATTTGAAATAAAAAAAAGTTTGCTGTCTTCGTGACGGTATTAATTTTAGGTA
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Supplementary Table 6 (cont.) -List of primers used test the ten synthetic core promoters with different CRMs in P. pastoris and S. cerevisiae Name Sequence A28-GAL-for TCAGCGAAGCGATGATTTTTGATCCGATAGGGCAGAAATATATAAAGTAGGAGG T28-GAL-for TCAGCGAAGCGATGATTTTTGATCAGCTCGTTTTCACGATAGATAAGGCTC A27-GAL-for TCAGCGAAGCGATGATTTTTGATCCAGTATATAAACTAAAAAAATCTGGGACACTAATAC T27-GAL-for TCAGCGAAGCGATGATTTTTGATCTTTACTAGTATATAAACCGTCACAGACGTAGG T26-GAL-for TCAGCGAAGCGATGATTTTTGATCCCTCCTCTAGGTTTATCTATAAAAGCTGAAG T25-GAL-for TCAGCGAAGCGATGATTTTTGATCATATAGACTATAAAAGGTGGTCCTGCAAG M28-GAL-for TCAGCGAAGCGATGATTTTTGATCGTAATCTTTCGGTCAATTGTGATCTCTC T24-GAL-for TCAGCGAAGCGATGATTTTTGATCAATTTCGAACTTACTTAGGGCAGTC T23-GAL-for TCAGCGAAGCGATGATTTTTGATCCGTTTAACCCACATTGATTGTATCATTAAAAG
T22-GAL-for TCAGCGAAGCGATGATTTTTGATCTCGTGACGGTATTAATTTTAGGTAG
A28-GPD-for CAGTTCCCTGAAATTATTCCCCTACTTCGATAGGGCAGAAATATATAAAGTAGGAGG T28-GPD-for
CAGTTCCCTGAAATTATTCCCCTACTTAGCTCGTTTTCACGATAGATAAGGCTC A27-GPD-for GTTCCCTGAAATTATTCCCCTACTTCAGTATATAAACTAAAAAAATCTGGGACACTAATAC T27-GPD-for CAGTTCCCTGAAATTATTCCCCTACTTTTTACTAGTATATAAACCGTCACAGACGTAGG T26-GPD-for CAGTTCCCTGAAATTATTCCCCTACTTCCTCCTCTAGGTTTATCTATAAAAGCTGAAG T25-GPD-for CAGTTCCCTGAAATTATTCCCCTACTTATATAGACTATAAAAGGTGGTCCTGCAAG M28-GPD-for CAGTTCCCTGAAATTATTCCCCTACTTGTAATCTTTCGGTCAATTGTGATCTCTC T24-GPD-for CAGTTCCCTGAAATTATTCCCCTACTTAATTTCGAACTTACTTAGGGCAGTC T23-GPD-for CAGTTCCCTGAAATTATTCCCCTACTTCGTTTAACCCACATTGATTGTATCATTAAAAG T22-GPD-for CAGTTCCCTGAAATTATTCCCCTACTTTCGTGACGGTATTAATTTTAGGTAG
25/40
Supplementary Table 7 -Group P synthetic core promoters TATA box position and positive and negative motifs frequency and position
Promoter name
Postive motifs frequency and position Negative motifs frequency and position TATA box position TTTT Position TTCT Position CAA Position ATCA Position CAAT Position AAGA Position AGCG Position
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Supplementary Table 7 (cont.) -Group P synthetic core promoters TATA box position and positive and negative motifs frequency and position
Promoter name
Postive motifs frequency and position Negative motifs frequency and position TATA box position TTTT Position TTCT Position CAA Position ATCA Position CAAT Position AAGA Position AGCG Position 
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Supplementary Table 9 -Group T synthetic core promoters TATA box position and positive and negative motifs frequency and position
Promoter name
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Supplementary Table 9 (cont.) -Group T synthetic core promoters TATA box position and positive and negative motifs frequency and position
Promoter name
